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(54) Titte: PRESSURE SWING CONTACTOR FOR THE TOEATMENT OF A LIQUID WITH A GAS 

(57) Abstract 

A residential method for treating water with an 
ozidizing gas operates under elevated pressure. Ihe 
elevated pressure is obtained by means of a pressurized 
oxidizing gas source (e.g. an air pump) or a prandd 
layer turbine. The elevated pressure of the treated water 
is optionally used to dispense the treated water. The 
prandtl layer turbine may be used to obtain particulariy 
fine bubbles of a gas (e.g. bubbles from about 1;* to 
about TOfi in diameter) in a liquid. 
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Title : PRESSURE SWING CONTACTOR FOR THE TREATMENT 
OF A LIQUID WITH A GAS 



FIELD OF THE INVENTION 

This invention relates of a domestic apparatus for 
treating a liquid such as water with a gas such as ozone. The 
apparatus may be used in the production of water suitable for 
human consumption from water contaminated by one or more of 
microorganisms, chemicals, heavy metals and minerals. The gas 
may be present either by itself or in combination with one or more 
other gasses and /or one or more other liquids associated therewith. 
Further, the liquid with which the gas is reacted may be present by 
itself or may also have one or more liquids and/or one or more 
other gases associated therewith. 

BACKGROUND OF THE INVENTION 

The production of water suitable for human 
consumption from water contaminated by one or more of 
microorganisms, chemicals, heavy metals and minerals is a 
requirement throughout the world. Many different proposals have 
been made for the purification of contaminated water. 

A popular system in widespread use for the purification 
of contaminated water is a filtrahon based system. Such systems use 
a filter made from a combination of a porous media filter, activated 
carbon, and an ion exchange resin through which the contaminated 
water is passed. The filtered water is typically fed into a clean water 
reservoir. This type of system will reduce the levels of chlorine, 
lead, and pesticides. However, there are several disadvantages 
associated with this device. 

The first disadvantage of this water purification system 
is that the structure of the filter provides a breeding ground for 
microorganisms thereby multiplying the dangers of 
microorganisms which may be present in very low numbers. 
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Another disadvantage of such a water purification system is that the 
filter life is not measured and it is possible for the user to employ 
the filter beyond its useful life. A further disadvantage of such a 
water purification system is that oils and fuels often present in 
water drawn from lakes and rivers are not readily removed. 
Further, these oils and fuels tend to coat the filters and damage their 
operational life and effectiveness. Some filtration based products 
now incorporate a means of measuring the water volume passing 
though the filter and an indicator as to when to change the filter. 
Other filters incorporate an iodine product to minimize the risk of 
microbiological hazards, however, these materials often impart 
undesirable tastes and many are potential carcinogens. 

Another popular system in use for the purification of 
contaminated water is a system which employs ultraviolet light for 
15 disinfection in series with a porous media and carbon filter. This 
type of system will reduce the levels of chlorine, lead, and pesticides 
and has some disinfection capability. One disadvantage with this 
system is that the ultraviolet light's disinfection efficacy is greatly 
diminished by turbidity or color in the water which can cause the 
20 filter to become contaminated by microorganisms which can readily 
live and breed therein thereby multiplying the danger from any 
microorganisms which may be present. Thus, the filter of this 
system also suffers from the disadvantages associated with filters of 
filtration based systems. 

25 

BRIEF STTMTVf A RY OF THE INVFNTTnNr 

In accordance with the instant invention, there is 
provided a method for treating a liquid with a gas in a sealed vessel 
comprising the steps of: 
30 (a) introducing the gas into the sealed vessel; 
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(b) promoting the dissolution of the gas into the liquid 
by increasing the pressure in the vessel; and, 

(c) reducing the pressure when the pressure in the 
vessel reaches a predetermined level. 

The method may also include the additional steps, after 



step (c), of: 



(d) repeating steps (a) through (c) until the hquid is 
treated to a predetermined level; and 

(e) signalling a user that the treatment is complete. 

10 In accordance with another embodiment of the instant 

invention, there is provided a method for treating a liquid in a 
sealed vessel with a gas comprising the steps of: 

(a) introducing the gas into the sealed vessel; 

(b) promoting the dissolution of the gas into the liquid 
15 by increasing the pressure in the vessel; and, 

(c) monitoring the treatment of the Hquid and reducing 
the pressure when the treatment of the liquid in the 
vessel reaches a predeterinined level. 

In one embodiment, the method also comprises the 
20 step of signalling a user that the treatment is complete. 

In another embodiment, the pressure in the sealed 
vessel is increased by supplying pressurized gas to the vessel. 

In another embodiment, the gas comprises ozone and 
the method additionally comprises the step of, prior to step (a), 
25 generating ozone in an ozone generator. The method may further 
comprise the step of, prior to generating ozone, concentrating a 
source of oxygen to produce an oxygen enriched stream which is 
supplied to the ozone generator. 

In another embodiment, step (a) comprises introducing 
30 the gas into the sealed vessel by passing the gas through a disperser 
positioned to finely disperse the gas in the liquid. 
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In another embodinnent, the Hquid comprises water to 
be treated for human consumption and the gas comprises ozone 
and the method comprises a method for treating water. 

In another embodiment, the method further comprises 
5 the step of monitoring the treatment of the hquid and signalling the 
user that the liquid has not been fully treated. 

In accordance with another embodiment of the instant 
invention, there is provided an apparatus for treating a liquid with 
a gas comprising: 

10 (a) a vessel having a gas inlet port for introducing a 

pressurized gas into the vessel, a liquid inlet port for 
introducing a liquid into the vessel and, a gas outlet 
port for removing gas from the vessel; 

(b) a source of pressurized gas for treating the liquid in 
15 communication with the gas inlet port; 

(c) a disperser for introducing the gas into the liquid in 
the vessel; and 

(d) a valve for reducing pressure in the vessel after the 
gas in the vessel reaches a predetermined pressure. 

20 In one embodiment, the apparatus further comprises a 

valve for releasing pressure from the vessel when the treatment 
reaches a predetermined level 

In accordance with another embodiment of the instant 
invention, there is provided an apparatus for treating a liquid with 

25 a gas comprising: 

(a) a vessel having a gas inlet port for introducing a 
pressurized gas into the vessel, a Hquid inlet port for 
introducing a liquid into the vessel and a gas outlet port 
for removing gas from the vessel; 

(b) a source of pressurized gas in communication with 
the gas inlet port; 



30 
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(c) a disperser for introducing the gas into liquid in the 
vessel; and, 

(d) a sensor for monitoring the treatment of the liquid 
in the vessel and signalling a user when the treatment 

5 reaches a predetermined level. 

In one embodiment, the apparatus further comprises a 
pressure activated valve for releasing pressure from the vessel 
when the treatment reaches a predetermined level. 

In another embodiment, the apparatus further 
10 comprises a check valve located between the gas inlet port and the 
source of pressurized gas, to prevent fluid from flowing upstream to 
the source of pressurized gas. 

In another embodiment, the gas comprises ozone and 
the liquid comprises water. 
15 In another embodiment, the source of pressurized gas 

comprises an ozone generator. The apparatus may further comprise 
an oxygen concentrator for supplying an oxygen enriched stream to 
the ozone generator. 

In another embodiment, the vessel is removable from 
20 the apparatus. 

In another embodiment, the apparatus further 
comprises a signal to signal the user when the treatment reaches a 
predetermined level. 

In another embodiment, the apparatus further 
25 comprises a signal to signal the user when the treatment is 
successfully completed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A further, detailed description of the invention, briefly 
30 described above, will follow by reference to the following drawings 
of a preferred embodiment of the invention in which: 
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Figure 1 shows a schematic representation of the 
apparatus according to the instant invention; 

Figure 2 shows a schematic representation of an 
alternate apparatus according to the instant invention; 
5 Figure 3 iis a schematic representation of a mixing 

vessel that may be used in the embodiments of Figures 1 and 2. 

Figure 4 shows a schematic representation of an 
alternate apparatus to that of Figure 3; 

Figure 5 shows a schematic representation of a further 
10 alternate apparatus to that of Figure 3; and. 

Figure 6 shows a schematic representation of an 
alternate apparatus according to the instant invention. 

DETAILED DPSC RIPnON OF THE PREFBRREP FlVTBODIMENnr 
1^ Iri one preferred embodiment, the apparatus is for use 

in a domestic (i.e. residential) environment, eg. a house or a cottage, 
and the water to be treated may be from a municipal water supply 
which is fed to a house through supply pipes. It may also be water 
which is obtained from a well maintained by the individual or any 
20 other source that the individual has for their house or cottage. 
Thus, the apparatus may be used in various domestic applications, 
such as a counter top water purifier, a point of entry or point of use 
(under counter) water purifier. Further, it may be used as a portable 
water purifier. 

25 The liquid is treated in a container 1. Container 1 may 

be of any particular design that will allow the pressure exerted on 
the liquid being treated therein to be increased. The liquid and the 
gas may be introduced into the container by any method known in 
the art. For example, container 1 may have an inlet port for the 

30 liquid to be treated and a separate inlet port for the gas to treat the 
liquid. Alternately, the liquid and the gas may be introduced 
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through the same inlet port. While some of the gas may be 
introduced into container 1 when at least some of the liquid is in 
container 1, it is preferred that all of the gas is introduced into 
container 1 once a full charge of liquid to be treated has been 
5 introduced into container 1. 

The apparatus is designed to permit pressure to build 
up in container 1 during use. The pressure in container 1 may be 
increased by the introduction of the fluids into container 1. 
Preferably, the pressure is increased at least in part by the 

10 introduction of gas into container 1 when container 1 has already 
been provided with at least part of charge of the liquid to be treated. 
More preferably, the pressure is increased by the introduction of gas 
into container 1 when container 1 has already been provided with a 
full charge of the liquid to be treated. 

15 Figure 1 schematically illustrates a system for efficiently 

dissolving ozone in water and subsequently causing microbubble 
formation to disinfect the water and oxidize pollutants present. 
While the system will be described herein in relation to the use of 
ozone to treat water, it will be appreciated that it may also readily be 

20 modified for use with any system wherein at least one gas is used to 
treat at least one liquid. 

Water 16 is introduced into container 1 through liquid 
inlet port 29. Liquid inlet port 29 may be supplied by a hose. 
Alternately, liquid inlet port 29 may comprise an opening through 

25 which water may be poured such as from a jug, faucet or the like. 
Liquid inlet port 29 is sealable so as to allow pressure to build up in 
container 1 during the treatment of water 16. As shown in Figure 1, 
liquid inlet port 29 may receive a resealable cap 2. The cap 2 may be 
removably affixed to container 1 by any means, such as by a screw 

30 thread or a bayonet moimt. When the cap is closed, the container is 
sealed. 
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It will be appreciated that container 1 may allow some 
fluid to escape therefrom during the treatment of water 16 (eg. some 
of the treatment gas may exit container 1 during the treatment). In 
such an embodiment, liquid inlet port 29 may only be partially 
sealed. For example, as shown in Figure 2, a bleed stream 31 of off 
gas may be fed to sensor 33 to monitor the progress of the treatment 
cycle. Preferably all of the fluid is maintained in container 1 until 
the treatment cycle is completed and accordingly liquid inlet port 29 
is preferably fully scalable. 

The control circuit of this device derives power from 
any power source, for example, a battery 12 by means of wire 13. The 
power source could also be, for example, an electrical outlet. A user 
may then activate the unit by pushing start button 9 which sends a 
signal to the controller 10 through the wire 11. The unit may be 
actuated by any other means known in the art. For example, the 
unit may be actuated when cap 2 is sealed or, if the water is supplied 
via a hose, when a sensor (eg. a float switch) detects a full charge in 
container 1. 

The unit is provided with a source of ozone. This may 
be a canister of compressed ozone gas which is provided as part of 
the unit or fed to container 1 via a hose (not shown). Preferably, the 
device includes an ozone generator and the ozone generator is 
supplied with a source of oxygen. This source of oxygen may be the 
ambient air. Preferably, oxygen enriched air is used. Accordingly, the 
unit may be connected to a source of oxygen enriched air for 
example the unit may be provided with a canister of compressed gas 
containing elevated levels of oxygen or pure oxygen, or it may be 
connected via a hose to such a source or, preferably, the unit may 
include an oxygen concentrator, such as those which utilize 
pressure swing adsorption and are knowri in the art. Pressurized air 
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may be provided to an oxygen concentrator such as by a motor 
driven fan, or any other manner known in the art (not shov/n). 

The apparatus includes means for increasing the 
pressure in the treatment vessel. In the embodiment of Figure 1, 
this means comprises air pump 30. Air stream 34 (eg. ambient air) is 
fed to air pump 30. In the embodiment of Figure 3, this means 
comprises prandtl layer turbine 56. Any pressurization means 
known in the art may be used (eg. a water pump through which 
water 16 and ozone oxygen mixture 14 are fed to container 1). 

When the unit is actuated (eg. when start button 9 is 
pushed), ozone is fed to container 1. If the device includes an ozone 
generator as shown in Figure 1, then the control circuit provides 
power to the oxygen gas source 3 (eg. an oxygen concentrator) and to 
the ozone generator 5 through wires 21 and 22, respectively. 

The oxygen gas source 3 provides gas containing oxygen 
8 which is preferably at an elevated pressure (eg. 30 psi). If the gas 8 
is at an insufficient pressure, then a pump may be provided at any 
point prior to the entry of the gas into container 1 to boost the 
pressure of the gas as it enters container 1. Gas 8 then flows from 
the oxygen rich gas source 3 through tube 4 and into the ozone 
generator 5 where at least a portion of the oxygen present is 
converted to ozone. This ozone oxygen mixture 14 generated by the 
ozone generator then flows through the pipe 6, through the one 
way check valve 15 and into the water 16 through, eg., sparger 7 
which serves to disperse the gas in the water 16 in the form of into 
fine bubbles 17 (eg. having a diameter from about 50p to about 
lOOp). Other means may be used to introduce mixture 14 into 
container 1 so as to form a. stream of bubbles including Venturis and 
the use of a prandtl layer turbine. 

A prandtl layer turbine may be used to mix the ozone 
with some of the water which may then be fed to container 1. 
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Various embodiments of prandtl layer turbines have been 
developed over the years. Prandtl layer turbines comprise a 
plurality of rotatably mounted members (generally in the form of 
flat discs which are typically relatively thin) which are rotatably 
mounted in a housing. These devices are described in the United 
States Patent No. 1,061,206 (Tesla). The method and apparatus of the 
instant invention is applicable to all designs of a prandtl layer 
turbine. 

Referring to Figure 3, water 16 (from feed tube 35) and 
ozone containing gas 50 are introduced into a housing 52, for 
example, by being drawn through a venturi 54 by means of a prandtl 
layer turbine 56. The prandtl layer turbine 56 consists of a series of 
plates (preferably discs) 58 which are non-rotatably mounted to a 
shaft 60 which is itself rotatably mounted in housing 52 such as by 
being connected to a motor 62 which provides the motive force to 
rotate the plates 58. The rotation of the plates 58 causes the fluid to 
be drawn through the venturi 54 which in turn causes gas 50 to be 
drawn from the hose 14 into the venturi 54. It will further be 
appreciated that the gases and the hquids may be separately 
introduced into prandtl layer turbine 56. 

Gas 50 and water 16 are preferably mixed prior to their 
introduction into prandtl layer turbine 56, More preferably, the gas 
50 is preferably mixed with water 16 in such a manner as to form 
small gas bubbles 64 in the fluid flow stream. The bubbles may vary 
in size from about 50 to about 250 microns in diameter, more 
preferably from about 50 to about 100 and, most preferably, 50 to 
about 75. It will further be appreciated that various other devices 
besides venturi 54 may be used to create bubbles 64, such as a 
sparger. By creating a plurality of small gas bubbles 64 which are 
introduced into prandtl layer turbine 56, the surface area of gas 50 in 
water 16 which is introduced into prandtl layer turbine 56 is 
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increased thereby increasing the dissokition which may be achieved 
of gas 50 into water 16 in prandtl layer turbine 56. 

The gas laden fkiid stream 66 is drawn through venturi 
54 and into the spaced apart plates 58 such as via openings 68 in 
5 plates 58. As the fluid is forced outwards on a radial serpentine path 
along the rotating plates 58 the pressure of the fluid increases 
thereby increasing the dissolution of the gas 50 into water 16. This 
increase in the pressure of the fluid is possible because, unlike 
conventional vane or centrifugal pumps, plates 58 in prandtl layer 
10 turbine 56 will not be cavitated by the presence of the gas. The 
prandtl layer turbine may create a force of, for example, up to 100 
psig and, more preferably up to 250 psig. The fluid with the gas 
dissolved therein may be sent to other apparatus for further 
processing. 

15 Alternately, the pressurized liquid mixture 70 may then 

be subjected to a reduced pressure. For example, the pressurized gas 
and liquid mixture 70 may be passed into an expansion zone 72 
(which may be container 1) wherein the pressure to which the gas 
and liquid mixture 70 is subjected is reduced and preferably rapidly 

20 reduced. Container 1 may already be at a reduced pressure so that 
the pressure reduction occurs upon the mixture entering container 
1. Alternately, mixture 70 may be fed to container 1 at an elevated 
pressure and the pressure reduced once mixture 70 has been fed to 
container 1. For example, mixture 70 may be fed to container 1 and 

25 the pressure is partially reduced to allow microbubbles to form. A 
sensor may be used to monitor the treatment of the water and when 
the water is treated to a desired level of purity, the pressure in 
container 1 may be further reduced. Alternately, the elevated 
pressure may be used to dispense the treated water. 

30 The liquid/gas mixture in the expansion zone may be at 

a pressvire of, for example, 30-60 psig. This depressurization may 
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occur in under 2 seconds, preferably under 1 second and, most 
preferably, is effectively instantaneous upon the liquid /gas mixture 
entering expansion zone 72. This depressurization allows the 
dissolved gas to come out of solution to form a suspension of ultra- 
fine bubbles 17. The bubbles may vary in size from about Ip to 
about 20]x in diameter, more preferably from about 1 micron to 
about 5 p and, most preferably, from Ip to 3p. Due to the relatively 
fine nature of the bubbles, a large increase in the surface area of the 
gas is achieved. If the pressure reduction is conducted so as to 
achieve bubbles which are a few microns in diameter, then the 
number of bubbles which are achieved may be sufficiently high such 
that nuxture 70 becomes translucent and, preferably, opaque. By 
varying the rate of pressure reduction and the amount of the 
pressure reduction, the size and the number of the bubbles may be 
adjusted- 

The reduced pressure mixture 70 may be used for 
various purposes. As shown in Figure 3, the reduce pressure 
mixture comprises ozone and water. However, in an alternate 
embodiment, the reduced pressure mixture may be used for treating 
another material (in such a case, water 16 may be any fluid which 
functions as an inert carrier). An example of this could be the use of 
the reduced pressure mixture 70 as a treatment agent. For example, 
once again, if gas 50 included an oxidation agent (eg. ozone or 
peroxide), then the reduced pressure mixture may be fed to a tank 
containing a material (eg. a chemical compound such as a pesticide, 
a herbicide or metal) which is to be oxidized. In such a case, the 
apparatus may be used not to produce drinking water but to permit 
the safe disposal of toxic material. 

It will also be appreciated that two or more gases may be 
fed into prandtl layer turbine 56. The gases may be reactive with 
each other and water 16 (or any other carrier fluid) may optionally 
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be inert. In such a case, the creation of the microbubbles creates an 
environment in which the gases may intimately mix and react with 
each other. It will be appreciated by those skilled in the art that 
other variations of the fluids which are introduced into prandtl 
5 layer turbine 56 may be used and that the reduced pressure mixture 
may be used for various purposes including from polishing a 
surface for electroplating operations. 

It will further be appreciated that a catalyst may be 
added to the system as shown in Figures 4 and 5. If one member of 

10 fluid stream 40 is to react with another portion of fluid stream 40, 
then the catalyst may be provided to enhance the reaction. The 
catalyst may be added to the system with fluid stream 40 or, 
alternately, it may be contained within turbine 56 or expansion zone 
72. For example, the catalyst may be in the form of a solid, liquid or 

15 a gas and accordingly introduced with either or both of gas 44 or 
fluid 42. Preferably, the catalyst is in the form of a liquid or a solid. 
The catalyst may be introduced with fluid 40 via venturi 54 or it 
may be introduced via a separate port into turbine 56. Plates 58 
rotate so as to create a prandtl layer there adjacent. This prandtl 

20 layer creates a zone which effectively prevents solid particles from 
contacting plates 58. Accordingly, a prandtl layer turbine is 
particularly well adapted for receiving particulate matter, such as 
catalyst particles. By providing the catalyst as part of fluid stream 40, 
the catalyst is available for transportation downstream with mixture 

25 70. 

It will be appreciated that if the catalyst is used to assist 
in the reaction between members of fluid stream 40 (as opposed to a 
reaction involving a material positioned downstream of the 
apparatus) then the catalyst may be provided in various parts of 
30 turbine 56. For example, a catalyst layer 46 may be applied to the 
surface of plates 58 so as to enhance the reaction of constituents of 
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fiuid stream 40 with each other (see Figure 4). Alternately, or in 
addition, the catalyst may be provided an expansion zone 72. 
Referring to Figure 5, a catalyst may be placed as discreet particles 48 
which are sufficiently large so as to be maintained in expansion 
5 zone 72 as mixture 70 passes there through. For example, expansion 
zone 12 may be provided with a pair of opposed mesh screens 50 
with catalyst particles 48 positioned there between. Catalyst particles 
48 and the openings in mesh 50 are sized so as to maintain catalyst 
particles in a fixed position in expansion zone 72, Alternately, the 
10 catalyst particle may be free floating in expansion zone 12. For 
example, the entry port and exit port to expansion zone 72 may be 
provided with mesh screens 51 and catalyst 49 may be positioned 
between screens 51 so as to be„able to travel freely with expansion 
zone 72. 

15 It will be appreciated that if fluid stream 66 is under a 

sufficiently great pressure as it enters parental layer turbine 56, that 
the fluid may assist motor 62 in rotating discs 58 or, alternately, 
turbine 56 may not include a motor 62 and, instead, fluid stream 66 
may comprise the necessary motive force to cause plates 58 to rotate. 

20 Preferably, plates 58 rotate at an rpm from about 3000 to about 8000 , 
more preferably from about 3000 to about 5000 and, most preferably, 
from about 3000 to about 4000. 

In the embodiment shown in Figure 5, fluid 42 is 
drawn through venturi 54 and second venturi 55 by means of a 

25 prandtl layer turbine 56. The rotation of the plates 58 causes fluid 42 
to be drawn through venturi 54 and through venturi 55. This in 
turn causes the gas 44 to be drawn from the gas source 80 through 
tube 82 and into the venturi. 54 and also causes gas to be drawn from 
the gas source 84 through the tube means 86 and into the venturi 55. 

30 The gases are preferably drawn into the fluid 42 in such a manner to 
form small gas bubbles 88 and 90 to form in the respective streams 
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of the fluid 42 which may be introduced separately into prandtl layer 
turbine 56. 

In the preferred embodiment of Figure 1, when 
resealable cap 2 is closed the entry of mixture 14 into container 1 
5 increases the pressure in container 1 thereby increasing the amount 
of gas which will dissolve into the water 16. When the pressure 
within the container 1 reaches a given pressure (eg. 200 psi) which 
may be predetermined, the treatment cycle may be terminated by 
sending a signal to shut off the supply of gas (mixture 14) to 

10 container 1. The pressurized fluid may be allowed to stand in 
container 1 for an extended period of time. When it is desired to 
empty container 1 (eg. it is desired to use the water) the pressure in 
container 1 may be released and water 16 dispensed. The unit may 
include a pressure relief valve and pressure switch 18 which causes 

15 the container 1 to be automatically vented to the atmosphere 
through, for example, an ozone off gas destructor 19 when a 
predetermined pressure is achieved. At this point, a signal may 
optionally be sent to the controller 10 through wire 20 indicating 
that a cycle has been completed thus shutting of the supply of 

20 nuxture 14 to container 1. 

A single charge of water 16 in container 1 may be 
treated by being exposed to the pressurized gas only once or multiple 
times. When the endpoint of the process is reached (water 16 has 
been subjected to the desired number of cycles), the controller 10 

25 may turn off the power to the oxygen rich gas source 3 and to the 
ozone generator 5 through wires 21 and 22 and signal the user that 
the process is complete, such as by providing power to the green 
light 23 by means of wire 24. 

Once the water in container 1 is sufficiently treated, cap 

30 2 may be removed, and the water may be removed for use (eg. it 
may be poured out of container 1). It will of course be appreciated 
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that the water outlet may be a pipe which is connected to a filter and 
a dispenser positioned downstream from container 1. A water 
pump may be included to remove the water and pass it through 
such a filter. Preferably, the elevated pressure of the ozonation (eg. 
5 from air pump 30) is used to dispense, or at least assist in 
dispensing, the treated water). 

An alternate embodiment is shown in Figure 2. In 
Figure 2, reference numerals common with those in Figure 1 are for 
like features, and are not described again in detail. In this 

10 embodiment, container 1 includes a sensor for monitoring the 
treatment of the water and sending a signal to controller 10 when 
the treatment is complete. The sensor may send a signal indicating 
that the treatment was successfully completed or that the treatment 
was not successfully completed. The sensor may be any of those 

15 known in the art. The specific type of sensor will vary depending 
upon the liquid being treated in container 1. If the liquid is water, 
the sensor may be an oxygen reduction potential sensor 26 (i.e. an 
ORP sensor). The ORP sensor 26 monitors the ORP level and 
transmits it to the controller 10 through a wire 25. The controller 

20 monitors the redox level to determine the endpoint of the water 
treatment process. 

For example, if a preset redox level is maintained for a 
prescribed time, the desired endpoint is reached and the controller 
10 signals to the user that the treatment process is complete by 

25 providing power to green light 23 by means of wire 24. If a suitable 
redox level is not achieved and preferably maintained for a 
prescribed time, and a preset time elapses, the treatment is ended 
and the water is not suitable for consumption. In this circumstance, 
the controller 10 may signal that the process is complete but the 

30 water is unsuitable for use by providing power to the red light 27 by 
means of wire 28. 
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Alterhately, if a suitable redox level is not achieved and 
maintained for a prescribed time, and a preset time elapses, then 
controller 10 may cause water 16 to be subjected to one or more 
treatment cycles until either sensor 26 signals that the treatment is 
5 successfully concluded or a preset number of cycles are conducted 
without success. 

It will be appreciated that various mechanisms may be 
used to determine the end point of a treatment cycle. It will also be 
appreciated that the apparatus need not include a sensor but may be 
10 operated on a different basis (eg. it may be run by a timer). At the 
end of each cycle, sensor 26 or the timer may send a signal, eg. 
through controller 10, to pressure relief valve and pressure switch 
18 to cause container 1 to be vented to the atmosphere. 

In an alternate embodiment also shown in Figure 2, the 
15 unreacted gas in a bleed stream of off-gasses 31 from head space 32 is 
treated to produce a signal which may then be read by ozone sensor 
33. Ozone sensor preferably uses an ozone destructor and may 
double as destructor 19. Such a sensor may operate on various 
principles. 

20 For example, the signal may be in the form of a 

temperature change in the off-gas stream. This may be achieved, for 
example, by subjecting the unreacted gas to a chemical reaction in a 
reaction zone containing a catalyst to produce heat. In the 
application of treating water to produce ozone, the sensor contains a 

25 catalyst (eg. one or more of manganese dioxide, titanium dioxide, 
iron oxide, or carbon) for converting ozone to oxygen which 
produces heat as a by-product. The sensor also includes a 
temperature sensor, eg. a thermistor, positioned upstream of the 
catalyst to measure the temperature of the untreated bleed stream 

30 and a temperature sensor, eg. a thermistor, to measure the 
temperature of the treated bleed stream. The temperature difference 
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is proportional to the amount of ozone converted to oxygen and 
therefore to the concentration of ozone in head space 32. Sensor 33 
will provide a reading of the ozone concentration in the head space 
by measuring the concentration in the bleed stream and, based on 
5 the flow rate into the treatment vessel and the flow rate of the bleed 
stream, this may be used to calculate the total amount of ozone to 
which the water was exposed. 

By measuring the conversion of ozone to oxygen in 
sensor 33, great flexibility is obtained in the operation of the 

10 treatment cycle. For example, as the volume of water and the 
anticipated level of contaminants in the water can be 
predetermined, it is possible to calculate the amount of ozone that 
will be required to treat the water and to program this information 
into controller 10. The treatment of the water by ozonation may 

15 continue until a predetermined total amount of ozone passes 
through the water 16 and a portion thereof is converted to oxygen in 
sensor 33. The predetermined amount of ozone may be measured 
by the difference in resistance between the two temperature sensors 
and the time during which the temperature difference is measured. 

20 In the embodiment of Figure 6, the elevated pressure in 

container 1 is used to dispense the treated water. This embodiment 
also demonstrates the use of an off gas sensor to control the water 
treatment cycle. 

After passing through the water 16 in the container 1, 

25 the gas exits the container 1 through a vent line 120. This removes 
gas from the head space 32 in container 1 and prevents pressure 
from building up in the container 1. The vented gas passes through 
the off gas flow control valye 121 and through tube 122, and into the 
ozone off gas sensor 123. It then passes through pipe 124, and check 

30 valve 41 into tube 43. The vented gas then enters filter 125 and into 
a treated water vessel (eg a removable carafe) 136 via tube 126 from 
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where it may pasis into the room as oxygen rich gas. Thus, the ozone 
off gas may serve to disinfect the filter 125 and prevent 
microbiological growth within the filter. Filter 125 may be any filter 
known in the water filtration art. Preferably, filter 125 comprises 
5 carbon block filter. 

It will be appreciated that if container 1 is at least 
partially sealed, eg. valve 121 is closed or at least partially closed, that 
pressure will build up in container 1, The increase in pressure in 
container 1 is beneficial in the treatment of water 16 by mixture 14. 

10 In such a case, a bleed stream of the off gases may be passed to sensor 
123. Altemately, once the pressure has built up to a desired level in 
container 1 a steady flow of off gasses may be removed from 
container 1 to prevent further pressure build up in container 1. 

Signals from the ozone sensor 123 are transmitted to 

15 the control circuit by any means, for example a wire 129. The control 
circuit 4 monitors the ozone off gas concentration by means of 
sensor 123. 

Ozone sensor 123 measures the level of ozone in the off 
gas by any of those known in the art. The ozone level may be 

20 measured on an intermittent basis as water 16 is treated but is 
preferably continuously monitored. 

Once sensor 123 detects a value representing the 
successful completion of the water treatment process, controller 10 
detects this and may then shut down the power to the power on 

25 light 127 by means of wire 128, the power to the oxygen rich gas 
source 3 by means of wire 119, and the power to the ozone generator 
5 by means of wire 118. It may also cause the water ready light 23 to 
be illuminated by means of wire 24. Depressing the water dispense 
button 134 will send a signal to the controller 10 by means of wire 

30 135 and will cause the treated water to be decanted from container 1. 
Preferably, the water is filtered, such as passing it through a filter 
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125. This may be achieved by a pump (not shown) or other means 
known in the art. 

In the preferred embodiment of Figure 1, a sufficient 
amovmt of pressure is built up in container 1 to cause the water to 
exit container 1 and to flow through filter 125. To this end, if the 
treatment cycle is successfully completed, depressing the water 
dispense button 134 may send a signal to the controller 10 by means 
of wire 135 which causes the off gas flow control valve 121 to at least 
partially close, preferably fully close, such as by a mechanical 
member. Gas, such as from oxygen rich gas source 5, is fed to 
container 1. This in turn causes pressure to build up within the 
container 1. When the pressure reaches a preset level (eg. a 
sufficient amount to cause all of the water in container 1 to pass 
through filter 125), the water is decanted. In the preferred 
15 embodiment, this is achieved by placing a valve 140 which opens at 
the preset pressure in container 1. Thus the treated water in 
container 1 will be decanted when the required pressure is reached 
in container 1. Valve 40 may be a spring loaded check valve. The 
spring loaded check valve is in communication with the container 1 
20 and the treated water carafe 136. When the check valve is opened, 
the treated water will flow from the container 1 through tube 143 
and through the filter 125 and into the treated water carafe 136. 
However, it will be appreciated that container 1 may include a 
pressure sensor which signals controller 10 when the preset 
25 pressure is reached and controller 10 may then send a signal to open 
valve 140. Further, if gas is supplied to container 1 during the 
dispensing operation, the preset level may be sufficient, together 
with the supplement gas introduced into container 1 during the 
dispensing operation, to cause the treated water to pass through 
30 filter 125. 
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In a further embodiment, if the user depresses the 
dispense button during the delivery of water to the treated water 
carafe 136 or optionally during the treatment of water 16 in 
container 1, then another signal is preferably also sent to the 
5 controller 10 by means of wire 135. However, since the water 
treatment is not complete in this case, as a safety feature, the input 
will cause the off gas flow control valve 121 to be mechanically 
opened and the oxygen rich gas source 5 to lose power through wire 
118 thereby interrupting the dispensing or treatment process. The 
10 user may then empty and refill container 1 for another treatment 
cycle. 

Alternately, once a preset amoimt of time has elapsed 
during the dispense cycle, the controller 10 may interrupt the flow 
of gas to container 1 (eg. power to the oxygen rich gas source 5 

15 through wire 118 may be terminated) thereby ending the dispensing 
process. When the user depresses start button 9 in the future, the 
mechanical off gas flow control valve 121 will be reset to the starting 
(eg. open) position for the next cycle to proceed. 

It will be appreciated by those skilled in the art that 

20 various modifications may be made within the spirit of the present 
invention, the scope of which is limited only by the claims. For 
example, a different visual signal may be provided to the user to 
signal the successful of unsuccessful treatment of the water, and /or 
an audio signal may be provided. 
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WE CLAIM: 



1- A method for treating a liquid with a gas in a sealed 

vessel comprising the steps of: 

(a) introducing the gas into the sealed vessel; 

(b) promoting the dissolution of the gas in the liquid by 
increasing the pressure in the vessel; and, 

(c) reducing the pressure after the pressure in the vessel 
reaches a predetermined level. 



2. The method as claimed in claim 1 further comprising 
the steps, after step (c), of: 

(d) repeating steps (a) through (c) until the liquid is 
treated to a desired level; and, 
1^ (e) signalling a user that the treatment is complete. 

3. The method as claimed in claim 1 wherein the pressure 
in the sealed vessel is increased by supplying pressurized gas to the 
vessel. 

20 

4. The method as claimed in claim 3 wherein the gas 
comprises ozone and the method additionally comprises the step of, 
prior to step (a), generating ozone in an ozone generator. 

■^^ ^- The method as claimed in claim 4 additionally 

comprising the step of, prior to generating ozone, concenta-ating a 
source of oxygen to produce an oxygen enriched stream which is 
supplied to the ozone generator. 

^- The method as claimed in claim 1 wherein step (a) 

comprises inb-oducing the gas into the sealed vessel by passing the 
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gas through a disperser positioned to finely disperse the gas in the 
liquid. 

7. The method as claimed in claim 3 wherein the liquid 
5 comprises water to be treated for human consumption and the gas 

comprises ozone and the method comprises a method for treating 
water. 

8. The method as claimed in claim 1 further comprising 
10 the step, after step (c), of signalling a user that the treatment is 

complete. 

9. The method as claimed in claim 1 further comprising 
the step of monitoring the treatment of the liquid and signalling the 

15 user that the liquid has not been fully treated. 

10. A method for treating a liquid in a sealed vessel, with a 
gas, comprising the steps of: 

(a) introducing the gas into the vessel; 
20 (b) promoting the dissolution of the gas in the liquid by 

increasing the pressure in the vessel; and 
(c) monitoring the treatment of the liquid and reducing 
the pressure after the treatment of the liquid in the 
vessel reaches a predetermined level. 

25 

11. The method as claimed in claim 10 further comprising 
the steps, after step (c), of signalling a user that the treatment is 
complete. 
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12. The method as claimed in claim 10 wherein the 

pressure in the sealed vessel is increased by supplying pressurized 
gas to the vessel. 

5 13. The method as claimed in claim 10 wherein step (a) 

comprises introducing the gas into the sealed vessel by passing the 
gas through a disperser positioned to finely disperse the gas in the 
liquid. 

10 14- The method as claimed in claim 10 wherein the gas 

comprises ozone and the method further comprises the step of, 
prior to step (a), generating ozone in an ozone generator. 

15. The method as claimed in claim 14 additionally 

15 comprising the step of, prior to generating ozone, concentrating a 
source of oxygen to provide concentrated oxygen which is supplied 
to the ozone generator. 

16- The method as claimed in claim 10 wherein the liquid 

20 comprises water to be treated for human consumption and the gas 
comprises ozone and the method comprises a method for treating 
water. 

17. The method as claimed in claim 10 further comprising 
25 the step of signalling the user that the liquid has not been fully 

treated. 

18. An apparatus, for treating a liquid with a gas 
comprising: 
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(a) a vessel having at least one inlet port for 
introducing the gas and the liquid into the vessel and, a 
gas outlet port for removing gas from the vessel; 

(b) a pressurized source of the gas for treating the liquid 
5 in communication with the inlet port; 

(c) a disperser for introducing the gas into the liquid in 
the vessel; and 

(d) a valve for reducing pressure in the vessel after the 
gas in the vessel reaches a predetermined pressure. 

10 

19. The apparatus as claimed in claim 18 further 
comprising a check valve located between the inlet port and the 
source of pressurized gas, to prevent fluid from flowing upstream to 
the source of pressurized gas. 

15 

20. The apparatus as claimed in claim 18 wherein the gas 
comprises ozone and the liquid comprises water. 

21. The apparatus as claimed in claim 20 wherein the 
20 soiurce of pressurized gas comprises an ozone generator. 

22. The apparatus as claimed in claim 21 further 
comprising an oxygen concentrator for supplying an oxygen 
enriched stream to the ozone generator. 

25 

23. The apparatus as claimed in claim 18 wherein the 
vessel is removable from the apparattis. 

24. The apparatus as claimed in claim 18 further 
30 comprising a signal to signal the user when the treatment reaches a 

predetermined level. 
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10 



15 



25. The apparatus as claimed in claim 18 further 
comprising a signal to signal the user when the treatment is 
successfully completed. 

26. An apparatus for treating a liquid with a gas 
comprising: 

(a) a vessel having at least one inlet port for 
introducing the gas and the liquid into the vessel and a 
gas outlet port for removing gas from the vessel; 

(b) a pressurized source of the gas in communication 
with the inlet port; 

(c) a disperser for introducing the gas into liquid in the 
vessel; and, 

(d) a sensor for monitoring the treatment of the liquid 
in the vessel and signalling a user when the treatment 
reaches a predetermined level. 

27. The apparatus as claimed in claim 26 further 
comprising a valve for releasing pressure from the vessel when the 
treatment reaches a predetermined level. 

28. The apparatus as claimed in claim 26 further 
comprising a check valve located between the inlet port and the 

25 source of pressurized gas, to prevent fluid from flowing upstream to 
the source of pressurized gas. 

29. The apparatus as claimed in claim 26 wherein the gas 
comprises ozone and the liquid comprises water. 

30 



20 
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30. The apparatus as claimed in claim 29 wherein the 

source of pressurized gas comprises an ozone generator. 

31- The apparatus as claimed in claim 30 further 

comprising an oxygen concentrator for supplying an oxygen 
enriched stream to the ozone generator. 

32. The apparatus as claimed in claim 26 wherein the 
vessel is removable from the apparatus. 

33. The apparatus as claimed in claim 18 further 
comprising a signal to signal the user when the treatment is 
successfully completed. 



15 34. A domestic method of treating a liquid comprising 

water with a gas comprising ozone, the method comprising the 
steps of: 

(a) providing the liquid in a treatment vessel; 

(b) introducing the gas into the vessel to treat the liquid 
in the treatment vessel to obtain treated liquid; 

(c) increasing the pressure in the treatment vessel; and 

(d) utilizing the increased pressure in the treatment 
vessel to dispense the treated liquid from the treatment 
vessel. 



20 



25 



35- The method as claimed in claim 343 further comprising 

the step of venting at least a portion of the gas from the treatment 
vessel during step (b). 
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36. The method as claimed in claim 35 wherein the 
pressure in the treatment vessel is increased by reducing the 
amount of gas which is being vented from the treatment vessel. 

37. The method as claimed in claim 34 further comprising 
the step of passing the treated liquid through a filter located 
downstream from the treatment vessel during step (d). 

38. The method as claimed in claim 37 further comprising 
the step of venting at least a portion of the gas from the treatment 
vessel during step (b) and passing at least a portion of the vented gas 
through the filter. 



39. The method as claimed in claim 34 further comprising 
15 the step of automatically dispensing the treated water when the 

pressure in the treatment vessel reaches a preset level. 

40. A domestic water purifier for treating a liquid 
comprising water with a gas comprising ozone, the apparatus 

20 comprising: 

(a) retaining means for retaining the liquid during a 
treatment cycle of the liquid with the gas; 

(b) means for introducing the gas under pressure into 
the retaining means to obtain treated liquid; 

25 (c) venting means for removing off gas from the 

retaining means; and, 

(d) means for increasing the pressure in the retaining 
means by the end of a treatment cycle. 



30 



41. The apparatus as claimed in claim 40 further 

comprising dispensing means for automatically removing treated 
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liquid from the retaining means during a dispensing cycle when the 
pressure in the retaining means reaches a predetermined level. 

42. The apparatus as claimed' in claim 40 further 

5 comprising a filter means positioned downstream from the 
retaining means and the predetermined pressure level is 
determined based on the pressure required to cause the treated 
water to flow through the filter means. 

0 43. The apparatus as claimed in claim 42 further 

comprising a means for conveying the off gas through the filter 
means. 

44. The apparatus as claimed in claim 41 wherein at the 

5 end of the treatment cycle the venting means is interrupted to 
increase the pressure in the retaining means to the predetermined 
level. 



45. The apparatus as claimed in claim 40 further 
comprising means for actuating the dispensing cycle and means for 
preventing the liquid to be dispensed from the retaining means if a 
predetermined level of treatment of the liquid is not achieved. 

46. A domestic water purifier for treating a liquid 
comprising water with a gas comprising ozone, the apparatus 
comprising: 

(a) a housing; 

(b) at least one inlet port for introducing the gas and at 
least one liquid to the housing; 

(c) a plurality of spaced apart members rotatably 
mounted within the housing; and. 
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(d) a drive member for rotating the spaced apart 
members at a rate sufficient for dissolving at least a 
portion of the gas into the liquid to form a liquid /gas 
mixture and at a rate sufficient to maintain a laminar 
5 flow in a boundary layer adjacent the spaced apart 

members. 



47. The mixing apparatus as claimed in claim 46 furtKer 

comprising a pressure reduction zone downstream from the spaced 
10 apart members. 



48. The mixing apparatus as claimed in claim 47 wherein 
the gas /liquid mixture is subjected to an elevated pressure in the 
housing and the pressure to which the gas /liquid mixture is 

15 subjected is rapidly reduced as it enters the pressure reduction zone. 

49. The mixing apparatus as claimed in claim 46 wherein 
the inlet port includes a member for dividing the gas into bubbles 
in the fluid. 

20 

50. The apparatus as claimed in claim 46 wherein the 
plurality of spaced apart members rotatably mounted within the 
housing are part of a prandtl layer turbine. 

25 51. A mixing apparatus comprising: 

(a) means for creating a boundary layer adjacent a 
plurality of spaced apart members rotatably mounted 
within a housing; 

(b) means for introducing at least one gas and at least 
30 one liquid to the housing; 
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(c) a plurality of spaced apart members rotatably 
mounted within the housing; and, 

(d) means for rotating the spaced apart members at a 
rate sufficient for dissolving at least a portion of the gas 

5 into the liquid to form a liquid /gas mixture. 



52. The mixing apparatus as claimed in claim 51 further 
comprising means for rapidly depressurizing the gas/liquid 
nruxture. 

10 

53. The mixing apparatus as claimed in claim 51 wherein a 
catalyst reactive with at least one of the gas and the liquid is applied 
to at least a portion of one of the spaced apart members. 

15 54. The mixing apparatus as claimed in claim 52 further 

comprising means for contacting the gas /liquid mixture with a 
catalyst reactive with at least one of the gas and the liquid when the 
gas/ liquid mixture has been subjected to a reduced pressure. 

20 55. The mixing apparatus as claimed in claim 54 wherein 

the at least one gas comprises ozone and the at least one liquid 
comprises water and the mixing apparatus is used in the treatment 
of water. 



25 56. The mixing apparatus as claimed in claim 51 wherein at 

least two gases are introduced into the housing and the at least one 
liquid is inert whereby the at least one liquid is a media for the 
dissolution of one of the gases into another of the gases or for the 
reaction of the gases with each other, 

30 
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57. The mixing apparatus as claimed in claim 51 wherein a 
catalyst is introduced into the mixing apparatus. 

58. The mixing apparatus as claimed in claim 57 wherein 
5 the catalyst is a liquid or a solid form. 

59. The mixing apparatus as claimed in claim 51 wherein 
the means for introducing at least one gas and at least one liquid to 
the housing comprises means for dividing the gas into bubbles in 

10 the fluid. 



60. A method for treating water comprising introducing at 
least one oxidizing gas and water into a prandtl layer turbine and 
passing the gas and the water through the prandtl layer turbine to 

15 obtain a water/gas mixtxire. 

61. The method as claimed in claim 60 further comprising 
passing the water/gas ntuxture through a pressure reduction zone to 
obtain a water/gas mixture at a reduced pressure. 

20 

62. The method as claimed in claim 60 further comprising 
exposing at least one of the water and the gas to a catalyst in the 
housing. 

25 63. The method as claimed in claim 60 further comprising 

exposing at least one of the water and the gas to a catalyst in the 
pressure reduction zone. 

64. The method as claimed in claim 60 further comprising 

30 infaroducing a catalyst into the mixing apparatus together with the 
gas and the water. 



soocto: <wo_ooa77eoA?j_> 



wo 00/27760 



PCT/CA99/01050 



- 33 - 

65, The method as claimed in claim 60 further comprising 

separately introducing the gas and the water into the housing. 

5 66. The method as claimed in claim 60 further comprising 

mixing the gas and the water to create gas bubbles in the water prior 
to introducing the water and the gas into the prandtl layer turbine. 

67. A method for mixing a liquid and a gas comprising the 
10 step of subjecting at least one gas and at least one liquid to an 

elevated pressure created at least in part by a pkirality of rotating 
spaced apart members to obtain a liquid /gas mixture. 

68. The method as claimed in claim 67 further comprising 
15 the step of treating the liquid /gas mixture to obtain a solution 

containing microbubbles. 

69. The method as claimed in claim 67 further comprising 
the step of rapidly depressurizing the liquid /gas mixture. 

20 

70- The method as claimed in claim 67 further comprising 

the step of reacting at least one of the liquid and the gas with a 
catalyst. 

25 71. The method as claimed in claim 68 further comprising 

the step of treating the solution with a catalyst. 

72. The method as daimed in claim 68 wherein the at least 

one gas comprises ozone and the at least one liquid comprises water 
30 and the method comprises a process for the treatment of water. 
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73. The method as claimed in claim 67 wherein at least two 
gases are subjected to the elevated pressure conditions and the 
method comprises a process for the dissolution of one of the gases 
into another of the gases or for the reaction of the gases with each 

5 other. 

74. The method as claimed in claim 70 further comprising 
the step of introducing the catalyst into the rotating spaced apart 
members. 

10 

75. The method as claimed in claim 70 further comprising 
the step of separately introducing one of the at least one gas and the 
liquid into the rotating spaced apart members. 

15 76. The method as claimed in claim 67 further comprising 

the step of introducing a mixture of gas bubbles in the liquid to the 
rotating spaced apart members. 
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AMENDED CLAIMS 
[received by the International Bureau on 4 August 2000 (04.08.00): 
original claims 1-76 replaced by new claims 1-81 (8 pages)] 

1. A batch method for treating a liquid comprising water, with a gas comprising 
ozone in a sealed vessel comprising the steps of: 

(a) manually introducing water to be treated into the vessel; 

(b) increasing the pressure in the vessel by supplying pressurized gas to the 
vessel to obtain treated water; 

(c) terminating the treatment cycle; and, 

(d) withdrawing treated water from the vessel. 

2. The method as clciimed in claim 1 further comprising the steps, after step (c), of 
further treating the water in the vessel imtil the liquid is treated to a desired level and 
signalling a user that the treatment is complete. 

3. The method as claimed in claim 1 wherein the vessel has a water inlet and ah 
associated releasable cap, step (a) comprises removing the releasable cap, pouring 
water to be treated into the vessel through the water inlet and attaching the releasable 
cap to the water inlet. 

4. The method as claimed in claim 1 further comprising the step of, prior to step (b), 
generating ozone in an ozone generator. 

5. The method as claimed in claim 4 additiormlly comprising the step of, prior to 
generating ozone, concentrating a source of oxygen to produce an oxygen enriched 
stream which is supplied to the ozone generator. 

6. The method as claimed in claim 1 wherein the treatment cycle is terminated 
when the pressure in the vessel reaches a predetermined level. 

7. The method as claimed in claim 3 further comprising the step of reducing the 
pressure in the vessel prior to withdrawing treated water from the vessel and the 
treated water is withdrawn from the vessel by removing the resealable cap from the 
water inlet. 

8. The method as claimed in claim 1 further comprising the step, after step (c), of 
signalling a user that the treatment is complete. 

9. The method as claimed in claim 1 further comprising the step of monitoring the 
treatment of the liqmd and signalling the user that the liquid has not been fully treated. 

10. A domestic method for treating a liquid comprising water in a sealed vessel, with 
a gas comprising ozone, comprising the steps of: 

(a) introducing the gas into the vessel; 

(b) increasing the pressiu-e in the vessel; 

(c) reducing the pressure to promote the formation of microbubbles and 
obtaining treated water; and, 

(d) withdrawing treated water from the vessel. 
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11. The method as claimed in claim 10 further comprising the steps, after step (c) of 
signalhng a user that the treatment is complete. F*. «t"er siep ^c;, or 

^^'ffi ' ^e*od as claimed in claim 10 wherein the pressure is reduced at a rate 
sufficiently fast to produce microbubbles having a diameter from 1 to 20 micro4. 

^condl^^ method as claimed in claim 10 wherein the pressure is reduced in under 2 

14. The method as claimed in claim 10 wherein the pressure is increased in step (b) to 
a pressure above 100 psig. ^'^^ m &iep \d) to 

15. The method as claimed in claim 10 additionally comprising the stpr» nf 
ITo'S^^eri^"^ *° P'^"^'^^ concentrated oxygen Wch^is suppS to 

16. The method as claimed in claim 10 further comprising the step of, after step fb) 
p~rJSged lU^^^^ cycle when the prefsure^in the^e^'sel rea?h2\ 

iLr thlJ^^^Hq^^ rastrbtn'^f^^ra^^^^^^^ ^^^^^^^^ ^ ^ 

i?.;.!,!^ water purifier for treating a water with a gas comprising ozone to obtain 
potable water, the apparatus comprising: 6 « ^ lu wwm 

(a) a vessel having a gas inlet port for introducing the gas into the vessel and the 
vesS ^ manually openable cap for £trodudn| w7ter kSo Si 

(b) a pressurized source of the gas for treating the Uquid in communication with 
the gas inlet port, the pressurizable source of gas supplying the gas at a p^^ 
suffiaent to promote the dissolution of ozone in the water; and pressure 

(c) a disperser for introducing the gas into the liquid in the'vessel. 

19. The apparatus as claimed in claim 18 wherein the water inlet port also functions 
as the water outlet port whereby the treated water is withdrawn Kom £e vSsel W 
removmg the manually openable cap from the water inlet. ^ 

20. The apparatus as claimed in claim 18 further comprising a valve for reducin<r 
pressure m the vessel after the gas in the vessel reaches a plredete^ed pr^sme. ^ 

21. The apparatus as claimed in claim 18 wherein the source of pressurized eas 
comprises an air pump upstream from an ozone generator. ° 

22. The apparatus as claimed in claim 21 further comprising an oxveen concentrator 
for supplymg an oxygen enriched stream to the ozone gWierator. concentrator 
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23. The apparatus as claimed in claim 18 wherein the vessel is removable from the 
water purifier. 

24. The apparatus as claimed in claim 18 further comprising a signalling member to 
signal the user when the treatment reaches a predetermined level. 

25. The apparatus as claimed in claim 18 further comprising a signalling member to 
signal the user when the treatment is successfully completed. 

26. A domestic water purifier for treating water with a gas comprising ozone, the 
apparatus comprising: 

(a) reactor means having at least one inlet port for introducing the gas and water 
into the reactor means; 

(b) means for increasing the pressure in the reactor means; and, 

(c) means for reducing the pressure to which the water is exposed in the reactor 
means to promote the formation of microbubbles. 

27. The apparatus as claimed in claim 26 wherein the means for reducing the 
pressure comprises a valve for releasing pressure from the vessel after the termination 
of a treatment cycle. 

28. The apparatus as claimed in claim 26 wherein the means for reducing the 
pressiure reduces the pressiire at a rate sxifficiently fast to produce microbubbles having 
a diameter from 1 to 20 microns. 

29. The apparatus as claimed in claim 26 wherein the means for reducing the 
pressure reduces the pressure reduces the pressure in under 2 seconds. 

30. The appariatus as claimed in claim 26 wherein the means for increasing the 
pressure in the reactor means comprises an air pump upstream from an ozone 
generator. 

31. The apparatus as claimed in claim 30 further comprising an oxygen conc^trator 
for supplying an oxygen enriched stream to the ozone generator. 

32. The apparatus as claimed in claim 26 wherein the reactor means is removable 
from the water piirif ier. 

33. The apparatus as claimed in claiin 26 further comprising a signalling means to 
signal the user when the treatment is successfully completed. 

34. A domestic method of treating a liquid comprising water with a gas comprising 
ozone, the method comprising the steps of: 

(a) providing the liquid in a treatment vessel; 

(b) introducing the gas into the vessel to treat the liquid in the treatment vessel 
to obtain treated liquid; 

(c) increasing the pressure in the treatment vessel; and 
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(d)using the increased pressure in the treatment vessel to control a dispensing 
cycle at a preset pressure level in the treatment vessel. 

35- The method as claimed in claim 34 further comprising the step of venting at least 
a portion of the gas from the treatment vessel during step (b). 

36. The method as claimed in claim 35 wherein the pressure in the treatment vessel 
is increased by reducing the amoimt of gas which is being vented from the treatment 
vessel. 

37. The method as claimed in claim 34 further comprising the step of utilizing the 
increased pressure to pass the treated liquid through a filter located downstream from 
the treatment vessel. 

38. The method as claimed in claim 34 further comprising the step of venting at least 
a portion of the gas from the treatment vessel during step (b) and passing at least a 
portion of the vented gas through the filter. 

39. The method as claimed in claim 34 wherein step (d) comprises automatically 
dispensing the treated water when the pressure in the treatment vessel reaches a preset 
level. 

40. A domestic method of treating water with a gas comprising ozone comprisine 
the steps of: ^ 

(a) providing water in a treatment vessel; 

(b) treating tiie water in the treatment vessel with ozone to obtain treated water 
and an off gas; and 

(c) preventing the water from being dispensed from the treatment vessel if a 
predetermined level of treatment of water is not achieved based on the 
concentration of ozone in the off gas. 

41. The method as claimed in claim 40 further comprising increasing the pressure in 
the treatment vessel and utilizing the increased pressure in the treatment vessel to 
dispense the treated liquid from the treatment vessel through a filter located 
downstream from the treatment vessel. 

42. The method as claimed in claim 40 further comprising increasing the pressiore in 
the treatment vessel and using the increased pressure in the treatment vessel to engage 
a dispensing cycle at a preset pressure level in the treatment vessel. 

43. The method as claimed in claim 40 further comprising increasing the pressure in 
the treatment vessel and using the increased pressure to terminate a treatment cycle. 

44. The method as claimed in claim 40 wherein step (c) comprises preventing the 
liquid from being dispensed from the treatment vessel if the concentration of ozone in 
the off gas is lower than a predetermined amoimt. 
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45. The method as claimed in claim 40 further comprising increasing the pressure in 
the treatment vessel and removing essentially all of the treated water from the 
treatment vessel prior to introducing another quantity of water into the treatment 
vessel wherein the increased pressure in the treatment vessel is used to remove the 
treated water from the treatment vessel through a filter located downstream from the 
pressure vessel if a predetermined level of treatment of the water is achieved whereby 
water fit for human consiunption is obtained. 

46. A domestic water purifier for treating water with a gas comprising ozone, the 
apparatus comprising: 

(a) a housing having an upstream end and a downstream end; 

(b) at least one inlet port for introducing at least one gas and the water to the 

housing; 

(c) a plurality of spaced apart members rotatably mounted within the housing 
downstream from the inlet; and, 

(d) a drive member for rotating the spaced apart members at a rate sufficient for 
dissolving at least a portion of the gas into the liquid to form a liquid /gas 
mixture and at a rate sufficient to maintain a laminar flow in a boundary layer 
adjacent the spaced apart members. 

47. The mixing apparatus as claimed in claim 46 further comprising a pressure 
reduction zone downstream from the spaced apart members which is at a pressure 
sufficiently low to promote the formation of microbubbles. 

48. The mixing apparatus as claimed in claim 47 wherein the gas /liquid mixture is 
subjected to an elevated pressure in the housing and the pressure to which the 
gas/liquid mixture is subjected is rapidly reduced as it enters the pressure reduction 
zone. 

49. The mixing apparatus as claimed in claim 46 wherein the irdet port includes a 
member for dividing the gas into bubbles in the fluid. 

50. The apparatus as claimed in claim 46 wherein the plurality of spaced apart 
members rotatably mounted within the housing are part of a prandtl layer turbine. 

51. A mixing apparatus comprising: 

(a) Prandtl layer means having a housing and disc means rotatably movmted 
within the housing; 

(b) inlet means for introducing at least one gas and at least one liquid to the 
housing; and, 

(c) means for rotating the disc means to create a boundary layer adjacent 
thereto, the inlet means positioned and the rotation occurring at a rate sufficient 
for dissolving at least a portion of the gas into the liquid to form a liquid /gas 
mixture. 

52. The mixing apparatus as claimed in claim 51 further comprising means for rapidly 
depressurizing the gas/liquid mixture whereby bubbles having a diameter from 1 to 20 
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microns are produced. 

53. The mixing apparatus as claimed in claim 51 wherein a catalyst reactive with at 
least one of the gas and the liquid is applied to at least a portion of one of the disc 
means. 

54. The mixing apparatus as claimed in claim 52 wherein a catalyst reactive with at 
least one of the gas and the liquid is positioned in the means for rapidly depressurizine 
the gas/liquid mixture. t- j f e 

55. The mixing apparatus as claimed in claim 54 further comprising a passageway in 
flow communication with a source of ozone whereby the at least one gas comprises 
ozone and the at least one liquid comprises water and the mixing apparatus is used in 
me treatment of water. 



56. The mixing apparatus as claimed in claim 51 further comprising a passageway in 
flow communication with a source of at least two gases are introduced into the housing 
and llie at least one liquid is inert such that the at least one liquid is a media for the 
dissolution of one of the gases into another of the gases or for the reaction of the eases 
with each odier. ° 

57. The mixing apparatus as claimed in claim 51 further comprising a catalyst reactive 
with at least one of the at least one gas and the at least one liquid. 

58. The mixing apparatus as claimed in claim 57 wherein the catalyst is a licjuid or a 
solid form. ^ 

59. The mixing apparatus as claimed in claim 51 wherein tiie means for introducing at 
least one gas and at least one liquid to the housing comprises means for dividine die 
gas into bubbles in the fluid. ° 

60. A method for treating water comprising introducing at least one oxidizing gas 
and water into a prandtl layer means and passing the gas and the water throu^ lie 
prandtl layer turbine to obtain a water/gas mixture. 

61. The method as claimed in claim 60 further comprising passing the water/eas 
mixture through a pressure reduction zone to obtain a water/gas mixture at a redured 
pressure. 

62. The method as claimed in claim 60 further comprising exposing at least one of 
the water and the gas to a catalyst in the housing. 

€3. The method as claimed in claim 60 further comprising exposing at least one of 
the water and the gas to a catalyst in the pressure reduction zone. 

64. The method as claimed in claim 60 further comprising introducing a catalyst into 
the mixing apparatus together with the gas and the water. 
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65. The method as claimed in claim 60 further comprising separately introducing the 
gas and the water into the housing. 

66. The method as claimed in claim 60 further comprising mixing the gas and the 
water to create gas bubbles in the water prior to introducing the water and the gas into 
the prandtl layer turbine. 

67. A method for mixing a liquid and a gas comprising the step of subjecting at least 
one gas and at least one liquid to an elevated pressure created at least in part by a 
plurality of rotating spaced apart members to obtain a liquid /gas mixtiire- 

68. The method as claimed in claim 67 further comprising the step of treating the 
liquid/gas mixture to obtain a solution containing microbubbles. 

69. The method as claimed in claim 67 further comprising the step of rapidly 
depressxirizing the liquid / gas mixture. 

70. The method as claimed in claim 67 further comprising the step of reacting at least 
one of the liqxiid and the gas with a catalyst. 

71. The method as claimed in claim 68 further comprising the step of treating the 
solution with a catalyst. 

72. The method as claimed in claim 68 wherein the at least one gas comprises ozone 
and the at least one liquid comprises water and the method comprises a process for the 
treatment of water. 

73. The method as claimed in claim 67 wherein at least two gases are subjected to the 
elevated pressure conditions and the method comprises a process for the dissolution of 
one of the gases into another of the gases or for the reaction of the gases with each 
other. 

74. The method as claimed in claim 70 further comprising the step of introducing the 
catalyst into the rotating spaced apart members. 

75. The method as claimed in claim 70 further comprising the step of separately 
introducing one of the at least one gas and the liquid into the rotating spaced apart 
members. 

76. The method as claimed in claim 67 further comprising the step of introducing a 
mixture of gas bubbles in the liquid to the rotating spaced apart members. 

77. A mixing apparatus comprising: 

(a) a Prandtl layer turbine having a housing and a plurality of spaced apart 
members rotatably mounted within the housing; and, 

(b) at least one irdet port for introducing at least one gas and at least one liquid 
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to the housing at a flow rate sufficient for causing the spaced apart members to 
rotate whereby the rotation of the spaced apart members causes at least a 
portion of the gas to be dissolved into the liquid to form a liquid/gas mixture. 

78. The mixing apparatus as claimed in claim 77 further comprising a pressure 
reduction zone downstream from the parallel spaced apart disc members which is at a 
pressure sufficiently low to promote the formation of microbubbles. 

79. The mixing apparatus as claimed in claim 77 wherein a catalyst reactive with at 
least one of the gas and the liquid is applied to at least a portion of one of the parallel 
spaced apart disc members. 

80. The mixing apparatus as claimed in claim 77 further comprising a catalyst 
reactive with at least one of the gas and the liqxiid is provided in the pressure reduction 
zone. 

81. The mixing apparatus as claimed in claim 77 further comprising a passageway in 
flow communication with a source of ozone whereby the at least one gas comprises 
ozone and the at least one liquid comprises water and the mixing apparatus is used in 
the treatment of water. 
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